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[57] ABSTRACT 
A microprogrammcd computer is disclosed in which 
two sets of microprograms, each set containing a mi 
croprogram to execute each program instruction, are 
stored in microprogram memory. A selected program 
instruction is provided which, when executed, changes 
the set of microprograms from which particular micro 
programs are selected to execute subsequent program 
instructions. insofar as the microprograms comprising 
the newly selected set of microprograms differ, in gen 
eral, from the corresponding microprograms compris 
ing the previously selected set, the execution charac 
teristics of subsequent program instructions executed 
by microprograms in the newly selected set are 
changed. 

5 Claims, 5 Drawing Figures 
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COMPUTER CONTROL UNIT CAPABLE OF 
DYNAMICALLY REINTERPRETING 

INSTRUCTIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of digital computer 

control units and, more speci?cally, to digital computer 
control units of the microprogrammed type. 

2. Description of the Prior Art 
In a digital computer having a microprogrammed 

control unit, hereafter referred to as a micropro 
grammed computer, the ?rst step in executing a partic 
ular program instruction is the determination of which 
microprogram is to be used for that program instruc 
tion. As used herein, the phrase "program instruction" 
refers to an instruction in a language at the lowest level 
of complexity normally used for programming, typi 
cally referred to as object or assembly language. Fol 
lowing the determination of the correct rnicroprogram, 
the first microinstruction in the microprogram is exe 
cuted. Thereafter, each microinstruction in the micro 
program is executed in the appropriate order until all 
such microinstructions have been executed. All of the 
operations performed in the execution of all of the mi 
croinstructions in the microprogram constitute the exe 
cution characteristics of the program instruction. Ab 
sent some means for varying the microinstructions 
comprising the microprogram for a program instruc 
tion. the execution characteristics of a program instruc 
tion are always the same. 
Some methods have been developed for altering the 

execution characteristics of program instructions by 
altering the microinstructions executed as part of the 
respective microprograms. In the application of these 
methods the execution characteristics of program in 
structions are generally altered by selectively setting 
the states of memory devices affecting the determina 
tion of which microinstruction in the microprogram is 
to be executed next. For example, a conditional branch 
within a microprogram may be effected during execu 
tion of the microprogram by combining selected ad 
dress data contained within one microinstruction with 
data contained in selected memory devices, the states 
of which have been preset, to determine the address of 
the next microinstruction to be executed. The result of 
the conditional branch is the selection of one of a plu 
rality of microinstructions for execution. While such 
methods are useful in many applications, they can be 
cumbersome and possibly inefficient when the execu 
tion characteristics of most or all of the program in 
structions are to be altered. This is particularly true if 
the alteration is of a general nature and is a common 
alteration for all program instructions. One such com 
mon alteration would be the removal of all'checking 
operations from the execution of all program instruc 
tions in order to speed execution. 

SUMMARY OF THE INVENTION 

In a control unit according to applicant's invention, 
the execution characteristics of all program instruc 
tions may be altered by the execution of a single pro 
gram instruction. More speci?cally, according to appli 
cant's invention, two sets of microprograms are stored 
in selected portions of microprogram memory. Each 
set contains one microprogram for executing each pro 
gram instruction in the set of program instructions. A 
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2 
program instruction is provided which, when executed, 
modifies a microinstruction selection address code 
used in determining from which of the two sets of mi 
croprograms the microprograms for executing program 
instructions are to be taken. The altering of this address 
code changes the set of microprograms from which the 
microprograms to execute subsequent program instruc 
tions are selected. As a result, the execution character 
istics of program instructions executed subsequently 
are determined by the microprograms in the newly se 
lected set of microprograms. 

It is an object of applicant’s invention to provide a 
digital computer capable of changing the execution 
characteristics of its program instructions. 

It is another object of applicant‘s invention to pro 
vide a digital computer control unit responsive to a se-, 
lected program instruction which, when executed, 
modi?es the selection of microprograms determining 
the execution characteristics of all subsequent program 
instructions. 

It is yet another object of applicant's invention to 
provide a digital computer control unit responsive to 
the execution of a selected program instruction to 
change a selection code determining the set of micro 
programs from which the microprograms to execute 
subsequent program instructions are selected. 

DESCRIPTION OF THE DRAWING 

FIG. 1 shows a block diagram of a computer; 
FIG. 2 shows a block diagram of the control unit and 

main memory shown in FIG. I; 
FIG. 3 shows a representation of the segmentation of 

microprogram memory; and 
FIGS. 4A and 4B are representations of example mi 

croprograms stored in microprogram memory. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENT 

As was indicated above, applicant’s invention is di 
rected at an improvement in microprogrammed com 
puters. To fully appreciate the operation of applicant’s 
invention it is ?rst necessary to understand in general 
the function of a control unit in a digital computer. A 
representation in block diagram form of a general digi 
tal computer is shown in FIG. 1. Many variations ofthis 
basic structure are possible. However, the structure 
shown in FIG. I is adequate to represent the general 
functions ofa control unit. Speci?cally, the control unit 
I accepts and interprets instructions stored in the main 
memory 2. Pursuant to those instructions, the control 
unit I controls the operations of the other units of the 
computer while directing the ?ow of information be 
tween those units. More speci?cally, control unit 1, in 
response to program instructions transmitted to the 
control unit 1 from the main memory 2, sequences the 
operations and information ?ow between and, to some 
extent, within the arithmetic unit 4, the main memory 
2, and the input-output unit 3. Insofar as the function 
of the control unit is to control the flow of information 
and the occurrence of operations within the computer. 
the control signals from the control unit occur in a se 
quence. In a microprogrammed control unit the proper 
sequencing of control signals is- obtained by executing 
predetermined sequences of microinstructions, each 
one of which directs or in some way affects the infor 
mation in the computer and the flow of that informa 
tion within and between the elements of the computer. 
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It is useful here to clarify the meaning of a microin 
struction as opposed to a program instruction. It should 
be observed that a program instruction is generally of 
the type used by a programmer in specifying the algo 
rithms he wishes the computer to perform. The pro 
grammer is generally unconcerned with the speci?cs of 
how the computer performs each step, such as addition 
or multiplication, in the algorithm. Thus, a program in 
struction is considered the lowest level instruction with 
which a programmer is concerned. A microinstruction, 
however, is simpler in most instances than a program 
instruction. In fact, the execution of a program instruc 
tion generally requires a plurality of microinstructions. 
A microinstruction, for example, may gate the contents 
of a register in the arithmetic unit on to a data bus. 
Thereafter. another microinstruction may gate the in 
formation from the data bus into another register in the 
arithmetic unit or in another unit of the computer. Mi 
croinstructions can be considered to control microop 
erations which are, in general, of little or no concern to 
the programmer. ‘ 

Referring now speci?cally toapplicant‘s invention, 
the control unit 1 of FIG. I is expanded in FIG. 2 and 
several of its pertinent major components are shown 
therein in block diagram form. It should ?rst be noted 
that an MPM, microprogram memory, 6 is shown in 
FIG. 2 as contained in control unit 1. The MPM 6 
stores the microprogram used to execute each of the 
program instructions. The output, to be described 
shortly, of the MPM 6 on the lines l7, l8, and I9 is sup 
plied to selected fields in the lDR, instruction data reg 
ister, 7. It should be noted that the program instruc 
tions comprising the output of the main memory 2 on 
the lines 13 and 14 are also supplied to selected ?elds 
ofthe lDR 7. Thus, the lDR 7 not only receives the out— 
put from the MPM 6, containing microinstructions, but 
it also receives program instructions from the main 
memory 2. The significance of the dual function of the 
lDR 7 will be seen in the discussion which follows. 
Returning to the discussion of the MPM, micropro 

gram memory, 6 (FIG. 2), it can be seen in FIG. 3 that 
it is divided into M segments. Each of these segments 
contains N locations. The address for a unique location 
in the microprogram memory, therefore, consists of 
two portions, the ?rst being a segment code specifying 
in which segment ofthe MPM the location appears and 
the second being a segment location code specifying 
which location within the particular segment is the de 
sired location. The use of these two codes will also be 
developed further below. 
Each location in the MPM, microprogram memory, 

6 (FIG. 3) stores what shall be referred to as a micro 
program statement. This is to be distinguished from a 
microinstruction since a particular microprogram 
statement includes not only a microinstruction but also 
the address of the next microprogram statement in the 
microprogram in which both microprogram statements 
are contained. The address of the next microprogram 
statement includes a memory segment code and a 
memory segment location code. It should be noted 
that, as the preceding discussion suggests, micropro 
grams are stored in the MPM 6 in a linked list structure 
which is well known in the prior art. 
The structure of a microprogram statement just de 

scribed is re?ected in the fields of the lDR, instruction 
data register, 7 (FIG. 2) to which the outputs of the 
MPM, microprogram memory, 6 are supplied. Speci? 
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4 
cally, the microinstruction contained in a micropro 
gram statement is supplied on the line 17 to the micro 
instruction ?eld 8 of the lDR 7. In addition, the output 
of the MPM 6, consisting of the memroy segment code 
for the address of the next microprogram statement, is 
supplied on the line 18 to the memory segment ?eld 9 
of the IDR 7. Finally, the output of the MPM 6, consist 
ing of the memory segment location code for the ad 
dress of the next microprogram statement, is supplied 
on the line 19 to the memory segment location ?eld 10 
of the lDR 7. It should be noted that the ?elds 9 and 
10 (FIG. 2) comprise what can be considered a next 
address field whose contents specify the address of the 
next microprogram statement in the current micropro 
gram. 
Having discussed the linked list structure of micro 

programs stored in the MPM 6 (FIG. 2) and the out 
puts of the MPM 6 to the lDR 7, attention is turned to 
the outputs of the main memory 2 and their effect on 
the lDR 7. In FIG. 2 it can be seen that the output of 
the main memory 2 on line 14 is supplied to the mem 
ory segment location field 10 of the instruction data 
register 7. The output from the main memory 2 on the 
line 14 is the operation code, or OP code, for the pro 
gram instruction to be executed. Thus, when a program 
instruction is loaded from main memory into the lDR 
7, the OP code of that instruction is loaded in the mem 
ory segment location ?eld 10. The remaining portion of 
the program instruction, more speci?cally, the oper 
and, is loaded by means of the line 13 into the operand 
?eld 11. 

It was previously mentioned that the memory seg 
ment ?eld 9 (FIG. 2) and the memory segment location 
field I0 of the lDR, instruction data register, 7, are to 
be considered the next address ?eld of the lDR 7. The 
outputs of those two ?elds on the lines I6 and I5, re 
spectively, are supplied to the MSAD, microprogram 
statement address decoder, 5. When a new address, 
consisting of the contents of the ?elds 9 and It] (FIG. 
2) of the lDR 7, is supplied to the MSAD 5, the address 
is decoded and the appropriate microprogram state 
ment stored in the microprogram memory 6 is accessed 
to be supplied at the appropriate time to the lDR 7. 
Timing of operations within the control unit I is con 
trolled by the timing circuit 20. 
Having now described generally the structure of the 

control unit 1 (FIG. 2) and its relationship to the main 
memory 2, attention is turned to discussion of the func 
tion of this control unit 1 in relation to applicant's in 
vention. It will be recalled that an object of applicant's 
invention is to provide a microprogrammed computer 
which can change the execution characteristics of its 
program instructions. Pursuant to this objective the 
MPM, microprogram memory, 6 contains two com 
plete sets of microprograms, each set containing one 
microprogram for each program instruction. Referring 
to FIG. 3 the ?rst set of microprograms is stored in the 
memory segments indicated by memory segment codes 
S, through 8,. The second set of microprograms is 
stored in the segments with memory segment codes SH, 
through 8”. Furthermore, the ?rst microprogram state 
ment in each microprogram in the ?rst set of micropro 
grams is stored in the segment corresponding to seg 
ment code S, at the location corresponding to the OP 
code of the program instruction associated with that 
microprogram. More speci?cally, the OP code of each 
program instruction speci?es the segment location 
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code for the ?rst microprogram statement in the micro 
program to execute that program instruction. In the 
case of microprograms contained in the ?rst set of mi 
croprograms, that ?rst microprogram statement is 
stored in the segment corresponding to segment code 
5,. Similarly, for microprograms contained in the sec 
ond set of microprograms, the ?rst microprogram 
statement is stored in the location corresponding to the 
OP code of the appropriate program instruction in the 
segment corresponding to the memroy segment code 
Shh 

It was previously mentioned that the contents of the 
next address ?eld in the IDR, instruction data register, 
7 (FIG. 2) consisting of the memroy segment field 9 
and the memory segment location ?eld l0, specify the 
address of the next microprogram statement to be read 
from microprogram memory 6 into the IDR 7. To exe 
cute a microprogram for a program instruction, how 
ever, it is ?rst necessary to obtain the address of the 
first microprogram statement in the microprogram for 
that program instruction. As was noted above, the ?rst 
microprogram statement of each microprogram in the 
first set of microprograms appears in the location cor 
responding to the OP code of the program instruction 
in the memory segment corresponding to the segment 
code 8,. Therefore, if the memory segment ?eld 9 
(FIG. 2) of the IDR 7 contains the code 5,, the loading 
of the OP code of the program instruction to be exe 
cuted into the memory segment location field 10 com 
pletes the address of the first microprogramstatement 
in the appropriate microprogram in the ?rst set of mi 
croprograms. As a result, the MSAD, microprogram 
statement address decoder, 5 decodes that ?rst address 
and accesses microprogram memory 6 resulting in the 
loading of the appropriate microprogram statement 
into the fields 8, (FIG. 2), 9, and ll) of the IDR 7. It 
should be noted, however, that if the memory segment 
field 9 (FIG. 2) contains the memory segment code 
Sm, the address decoded by the MSAD 5 when the 
program instruction is loaded from main memory 2 into 
the IDR, instruction data register, 7 is the address of 
the first microprogram statement in the appropriate mi 
croprogram contained in the second set of micropro» 
grams. As a result, changing the segment code in the 
field 9 prior to decoding the ?rst microprogram state 
ment address for a program instruction has the affect 
of changing the microprogram selected to execute that 
program instruction. Therefore, it is the code stored in 
the memory segment ?eld 9 (FIG. 2) which is affected 
by the previously mentioned program instruction for 
changing the execution characteristics of subsequent 
program instructions. 
To fully illustrate the operation of the control unit 1 

in conjunction with what will be called the “change 
characteristics" program instruction, an example illus 
trating the effects of the change characteristics pro 
gram instruction on another instruction will be dis 
cussed below. It is assumed for this example that the 
0? code for the change characteristics program in 
struction is SL); and the OP code for the example pro 
gram instruction is SL1. It is further assumed that the 
field 9 (FIG. 2) of the IDR 7 contains the segment code 
SI when the main memory 2 loads the example program 
instruction having OP code SLI and operand OPER, 
into the ?elds l0 and II, respectively. Insofar as the 
segment code S, and the segment location code SL,, 
the OP code of the program instruction, together con 
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6 
stitute a valid address, the MSAD 5 (FIG. 2) decodes 
that address and accesses the appropriate micropro 
gram statement. The statement accessed is included in 
the representation of microprogram memory shown in 
FIG. 4A. As can be seen therein, the statement stored 
at the address corresponding to the segment code Sl 
and segment location code SL,, referred to as address 
8,, SL,, contains the microinstruction Mll, the segment 
code S, and the segment location code SL3. This state 
ment is loaded into instruction data register 7 (FIG. 2) 
with the microinstruction MIl being loaded into the 
field 8, the memory segment code S, being loaded into 
the field 9, and the memory segment location code SL3 
being loaded into the ?eld 10. 
Since the valid microinstruction MI, has been loaded 

into the microinstruction ?eld 8 (FIG. 2) of the IDR 7, 
that microinstruction is executed. Following its execu 
tion the MSAD, microprogram statement address de‘ 
coder, 5 decodes the contents of the ?elds 9 and 10, 
consisting of the codes S2 and SL;,, respectively, to de 
termine the address of the next microprogram state 
ment in the current microprogram. When the codes in 
the ?elds 9 and 10(FIG. 2) are decoded, the micropro 
gram statement corresponding to the address, referred 
to as S2, SL3, is accessed and loaded into the IDR 7. Re 
ferring to FIG. 4A, it can be seen that the micropro 
gram statement corresponding to the address 5,, SL3 
contains the microinstruction M15, The memory seg 
ment code S3, and the memory segment location code 
SL7. As illustrated above, when this microprogram 
statement is loaded into the IDR 7 (FIG. 2), the micro 
instruction Ml, is executed, whereupon the MSAD 5 
decodes the address S3, SL1 and accesses the appropri 
ate microprogram statement. When the microprogram 
statement corresponding to the address S 3, SL, is 
thereafter loaded into the IDR 7 (FIG. 2), the microin 
struction MI: (FIG. 4A) is loaded into the microin 
struction ?eld 8 (FIG. 2) and is executed. In addition, 
the segment code 8;, (FIG. 4A) is loaded into the mem‘ 
ory segment field 9 (FIG. 2), and the segment location 
code SLa (FIG. 4A) is loaded into the memory segment 
location field 10 (FIG. 2). 
After the microinstruction MI, is executed, the mi 

croprogram statement corresponding to the address 5,, 
SL8 is accessed by the MSAD 5 and is loaded into the 
IDR, instruction data register, 7 (FIG. 2). In this case, 
however, referring to FIGv 4A, it can be seen that the 
microprogram statement stored in the location having 
the address S3, SL8 contains the microinstruction MI”. 
The microinstruction MI,l is the command to load a 
new program instruction from main memory 2 (FIG. 2) 
into the ?elds I0 and II of the IDR 7. As it would be 
expected, this indicates the completion of the execu 
tion of the current microprogram. In fact, the ?nal mi 
croprogram statement in every microprogram contains 
the microinstruction MI“. 

Insofar as the microprogram statement stored in lo 
cation having the address S3, SL8 (FIG. 4A) is the last 
microprogram statement in the microprogram for exe 
cuting the current program instruction, it is of interest 
to note that the statement contains a memory segment 
code even though there is no additional microprogram 
statement in the microprogram. Speci?cally, as can be 
seen in FIG. 4A, the memory segment field of the mi 
croprogram statement contained in the location having 
the address S3, SLB contains the code 5,. Thus, when 
the microprogram statement is loaded into the IDR 7 
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(FIG. 2), the memory segment ?eld 9 is loaded with the 
code 8,. As a result, the next program instruction 
loaded into the ?elds l0 and 11 of the IDR 7 will be ex 
ecuted using the appropriate microprogram in the ?rst 
set of microprograms. More speci?cally, it will be re 
called that the presence of the code 8, in the ?eld 9 at 
the time a program instruction is loaded into the IDR 
7 results in the location of the ?rst microprogram state 
ment being contained in the memory segment corre 
sponding to the segment code 8,. This necessarily im 
plies that the microprogram to be used to execute the 
new program instruction is contained within the ?rst 
set of microprograms. 

It has been seen above that when a program instruc 
tion which is not the change characteristics program 
instruction is executed using a microprogram in the 
first set of microprograms, the ?eld 9 (FIG. 2) contains 
the code S, at the completion of the execution of that 
microprogram. Since the field 9 contains the code 5,, 
the next program instruction executed will also be exe 
cuted by a microprogram in the ?rst set. 

It is now of interest to consider the results if the 
change characteristics program instruction is executed 
next. The OP code for this program instruction is as 
sumed to be SLN. When this OP code is loaded into the 
field 10 (FIG. 2) by the main memory 2, the MSAD S 
decodes the contents of the ?elds 9 and 10, speci?cally, 
the codes 8, and SL,,, respectively, and accesses the 
corresponding microprogram statement in the micro 
program memory (FIG. 4A). As can be seen in FIG. 4A 
the microinstruction for the microprogram statement 
stored at address 8,, SL, is the microinstruction Mlo. It 
has already been seen that this is the microinstruction 
which commands the loading of a new program instruc 
tion into the IDR, construction data register, 7 (FIG. 
2). MOreover, it indicates the termination of the mi 
croprogram for the current program instruction which, 
in this case, is the change characteristics instruction. 
Therefore, the single microprogram statement stored at 
address 8,, SL,,, (FIG. 4A) comprises the entire micro 
program for the change characteristics instruction in 
the first set of microprograms. 
There is, however, an additional point to note about 

the microprogram statement stored at address 8,, SL,, 
(FIG. 4A). As mentioned earlier, a microprogram con 
tained in the ?rst set of microprograms for executing a 
program instruction which is not the change character 
istics program instruction has in its ?nal microprogram 
statement not only the microinstruction M1,, but also 
the memory segment code 8,. This is not the case, how 
ever, when the program instruction is the change char 
acteristics program instruction. Referring to FIG. 4A, 
it can be seen that the microprogram statement stored 
at address 5,, SL,, contains in its memory segment ?eld 
the code Sm. As a result, when, in the execution of the 
change characteristics program instruction, this micro 
program statement is loaded into the IDR 7 (FIG. 2), 
the memory segment ?eld 9 is loaded with the code 
Sm. As a further result, when the next program instruc 
tion is loaded into the instruction data register 7 from 
the main memory 2 pursuant to the microinstruction 
MID, the location of the first microprogram statement 
in the microprogram for executing the new program in 
struction is contained in the memory segment corre 
sponding to the code 8H,. It will be recalled that all mi 
croprogram statements appearing in that memory seg 
ment are the beginning microprogram statements for 
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microprograms in the second set of microprograms. 
Thus, the microprogram used to execute the next pro 
gram instruction will be contained in the second set of 
microprograms. 
To fully illustrate the effect of having executed the 

change characteristics program instruction, the execu 
tion at this point of the example program instruction 
having the OP code SL, will be discussed. It will be re 
called that this is the same program instruction which 
was discussed prior to the execution of the change 
characteristics program instruction. 
Having loaded the OP code SL, into the memory seg 

ment ?eld 10 (FIG. 2) from main memory 2, the 
MSAD S decodes the contents of the ?elds 9 and 10, 
specifically, codes 8“, and SL,, respectively, and ac 
cesses the appropriate microprogram statement shown 
in FIG. 4B. As can be seen therein the microprogram 
statement stored at address 3H,, SL, contains the mi 
croinstruction Ml,, the memory segment code 8H,, and 
the memory segment location code SL3. This micropro 
gram statement is loaded into the IDR 7 (FIG. 2), and 
the microinstruction MI, is executed. Thereafter, the 
MSAD 5 decodes the address 5H4, 8L, and accesses the 
corresponding microprogram statement. It can be seen 
in FIG. 48 that the microprogram statement for the ad 
dress SHQ, SL3 contains the microinstruction Mia, the 
memory segment code SH“, and the memory segment 
location code SL8. Again, following the loading of this 
microprogram statement into the IDR 7 (FIG. 2), the 
microinstruction MI, is executed and the next address 
is decoded. In this case, the next address S1“, 5L, (FIG. 
48) contains the microinstruction Mlo and the segment 
code SM. As has been seen before, the microinstruc 
tion M1,, indicates that this is the final microprogram 
statement in the microprogram. It should, however, be 
noted that the segment code which is contained in the 
microprogram statement and which is loaded into 
memory segment ?eld 9 (FIG. 2) of the IDR 7 is the 
code SM. Thus, the address of the first microprogram 
statement in the microprogram to execute the next pro 
gram instruction loaded into the instruction data regis 
ter 7 will be contained in the memory segment corre 
sponding to the segment code SM. As seen before, this 
necessarily implies that the next program instruction 
will also be executed by a microprogram in the second 
set of microprograms. It should be noted here that the 
segment code contained in the ?nal microprogram 
statement of every microprogram in the second set of 
microprograms except the microprogram for the 
change characteristics instruction is the segment code 
31+, 

It has been seen above that when the program in 
struction having the OP code SL, is executed by a mi 
croprogram contained in the ?rst set of microprograms 
the sequence of microinstructions executed is the fol 
lowing: MI,, MI,,, M1,, and MI,,. After having executed 
the “change characteristics" program instruction, how 
ever, the same program instruction having the OP code 
SL, is executed by a microprogram contained in the 
second set ofmicroprograms. In that case the sequence 
of microinstructions executed is the following: M1,, 
M1,, and M10. It is readily apparent that the microin 
struction MI, is eliminated in the execution of the pro 
gram instruction having the OP code SL, using the mi 
croprogram in the second set of microprograms. Thus, 
in this situation, it would be expected that the program 
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instruction is executed faster when executed by the mi 
croprogram in the second set of microprograms. 

It should also be noted that the above discussion has 
described the function of the change characteristics 
program instruction with respect to changing from the 
first set of microprograms to the second set of micro 
programs. The process may easily be reversed, how 
ever, merely by executing another change characteris 
tics program instruction. Speci?cally, it will be recalled 
that when the program instruction having the OP code 
SLl was last executed, the memory segment code S,“ 
was loaded into the memory segment ?eld 9 (FIG. 2) 
along with the microinstruction M10 in the ?eld 8. Thus, 
if the change characteristics program instruction, hav 
ing the OP code SLN, is loaded next into the instruction 
data register 7 (FIG. 2), the MSAD 5 accesses the loca 
tion SJ+h SLN. It can be seen in FIG. 48 that this loca 
tion contains the microinstruction M10, requiring the 
loading of the next program instruction, and the seg 
ment code 8,. As a result of the loading of the segment 
code S, into the memory segment?eld 9 (FIG. 2) ofthe 
IDR 7, the next program instruction loaded into the 
lDR 7 will be executed by a microprogram contained 
in the ?rst set of microprograms since the location of 
the ?rst microprogram statement will be contained in 
the memory segment corresponding to the code 5,. 
The above discussion has disclosed a micropro 

grammed computer in which the execution characteris 
tics of program instructions can be changed by execut 
ing a selected program instruction. In view of the dis 
cussion above many variations in implementation of 
applicant's invention, within the spirit and scope of ap 
plicant’s invention, will become clear to those skilled in 
the art. 
What is claimed is: 
1. In a digital computer, the combination comprising: 
a microprogram memory comprising a plurality of 

storage locations for storing a corresponding plu 
rality of microprogram statements, each storage 
location comprising means for storing any one ofa 
plurality of memory segment codes, each memory 
segment code uniquely identifying a plurality of 
said storage locations; 

selection means, connected to said microprogram 
memory, for generating signals for accessing the 
microprogram statement stored in any selected 
storage location; 

a register connected to said microprogram memory 
and comprising means for storing the memory seg 
ment code comprising the microprogram statement 
last accessed by said selection means; 

a program memory for storing program instructions, 
each comprising any one ofa plurality of operation 
codes; 

wherein said register is further connected to said pro 
gram memory and further comprises means for 
storing any one of said operation codes, the opera 
tion code stored identifying a corresponding stor 
age location of the plurality of storage locations 
identi?ed by the memory segment code stored in 
said register; 

wherein said selection means is connected to said 
register; and 

wherein said selection means responds to the mem 
ory segment code and the operation code stored in 
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said register to generate signals de?ning the storage 
location storing the microprogram statement to be 
accessed. 

2. In a digital computer responsive to programs com 
5 prising any one or more ofa set of program instructions 
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and a selected program instruction, the combination 
comprising: 

a memory means, comprising storage locations, for 
storing a ?rst and a second set of microprograms, 
each of said sets comprising a microprogram corre 
sponding to each ofsaid program instructions, each 
microprogram consisting of one or more micropro 
gram statements, each microprogram statement 
comprising any one of a plurality of memory seg 
ment codes, each memory segment code uniquely 
identifying a group of said storage locations; 

wherein for each program instruction of said set of 
program instructions the memory segment code 
comprising the ?nal microprogram statement in 
the corresponding microprogram of said ?rst set of 
microprograms is a ?rst memory segment code; 

wherein for said selected program instruction the 
memory segment code comprising the ?nal micro 
program statement in the corresponding micropro 
gram of said ?rst set of microprograms is a second 
memory segment code; 

wherein for each program instruction of said set of 
program instructions the memory segment code 
comprising the ?nal microprogram statement in 
the corresponding microprogram of said second set 
of microprograms is said second memory segment 
code; 

wherein for said selected program instruction the 
memory segment code comprising the ?nal micro~ 
program statement in the corresponding micropro~ 
gram of said second set of microprograms is a third 
memory segment code; 

selection means, connected to said memory means. 
for generating signals for selecting the micropro 
gram statement stored in any one of said storage 
locations; and 

storage means connected to said memory means for 
storing in a first ?eld the memory segment code 
comprising the microprogram statement last se 
lected by said selection means. 

3. The combination of claim 2 wherein said third 
memory segment code is identical to said second mem 
ory segment code. 

4. The combination of claim 3 wherein said selection 
means is further connected to said storage means and 
is responsive to the memory segment code stored in 
said ?rst ?eld for generating said signals. 

5. The combination of claim 4 further comprising: 
program memory for storing said programs; 
wherein each of said program instructions compris 

ing said programs comprises any one of a plurality 
of operation codes; 

wherein said storage means is further connected to 
said program memory for storing in a second ?eld 
any one of said operation codes; and 

wherein said selection means connected to said stor 
age means is further responsive to the operation 
code sotred in said second field for generating said 
signals. 
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